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Lung cancer mortality has been increasing
worldwide. Factors including smoking, occu-
pational exposure to particulate dusts, diesel
exhaust partides, asbestos fibers suspended in
the air, and radon gas absorbed in dust parti-
cles have been implicated as lung carcinogens
(1). Among them, long mineral fibers were
considered to be carcinogens. Persons occu-
pationally exposed to asbestos, such as
asbestos factory workers, have been frequent-
lyassociated with lung cancer, pleural plaque,
and mesothelioma, with or without intersti-
tial lung fibrosis (2,3). Numerous asbestos
fibers or ferruginous bodies (FBs) were found
in digested lung tissue samples using phase-
contrast microscopical (PCM) or electron
microscopical observations, indicating that
theheavyasbestos lungburden may cause the
fibrotic andneoplastic changes.
The nonoccupational asbestos lung bur-
den in the general population has been
studied by many investigators (47). Urban
inhabitants usually show a larger number of
uncoated fibers than rural inhabitants, but
the comparison of asbestos fiber counts in
the lung tissues oflung and non-lung can-
cer cases has revealed controversial results.
In some studies, FB counts estimated by
light microscopy revealed a significantly
larger magnitude in lung cancer cases and
adenocarcinoma cases (especially in males)
than non-lung cancer cases (8-10), but
other studies do not show this (11,1X.
Although some investigators using the
PCM methods revealed no difference in the
number ofasbestos fibers between the two
groups (13,14), recent studies counting
uncoated fibers (UFs) by electron micro-
scope have demonstrated higher uncoated
fiber counts in the lungs of lung cancer
cases than in those ofnon-lung cancer cases
(15). To elucidate whether asbestos fibers
in the air are responsible for lung cancer in
the general population, it is important to
analyze subjects with a defined residential
and smokinghistory (7).
In order to compare the number ofFBs
or UFs between urban and rural inhabi-
tants and between the lung cancer and
non-lung cancer cases in the present study,
female lung cancer and non-lung cancer
cases without occupational asbestos expo-
sure were chosen and a quantitative analy-
sis of FBs and UFs in the lungs was per-
formed using a phase-contrast microscope.
In addition, we performed analytical trans-
mission electron microscope (ATEM)
examinations with an X-ray microanalyzer
to detect fibers that cannot be observed by
PCM and identify as well as measure the
length and width ofthe fibers.
Materials and Methods
Source ofsubjects. Subjects included 103
female lung cancer cases over 40 years of
age and 108 female non-lung cancer (con-
trol) cases that were matched by age (± 5
years) to the cancer cases were selected for
the study. No asbestos-related occupational
history was noted in any cases. Histological
types of 103 primary lung cancers consisted
of 83 adenocarcinomas, 3 squamous cell
carcinomas, 8 small cell carcinomas, 1 each
of atypical carcinoid and carcinosarcoma,
and 7 of unclassifiable histological type.
Paired case and control subjects were
obtained from urban (Tokyo and Osaka)
and rural (Iwate and Nagano Prefecture)
areas in Japan. Information on residence
and smoking history was obtained for all
subjects. Age distribution ofthe cases exam-
ined (Table 1) showed no significant differ-
ence among the four groups.
Lung tissuesamrling. A lung tissue sam-
ple of about 1 cmr was taken from appar-
ently normal lung tissue ofthese cases. The
lung tissues ofall lung cancer cases and most
non-lung cancer cases were obtained from
surgical materials; in some non-lung cancer
cases, samples were obtained from autopsied
lungs. Lung specimens were sent to our
institute in Tokyo and stored frozen until
use. Wet and dry weights ofthe tissue sam-
ples were measured before tissue digestion.
Digestion procedure. Procedures for
digestion and sample preparation for
ATEM analysis were performed using a
modified Kohyama method (16). Briefly,
the dried tissue was digested with 30 ml of
Clean 99 K-200 (Clean Chemical Co. Ltd.,
Osaka, Japan) bleach solution for clinical
laboratory use, consisting of 30% sodium
hypochlorite, 4% potassium hydroxide, and
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Table 1. Age distribution of cancer casesa
Age
40s
50s
60s
70s
Total
Urban
Lung Non-lung
cancer cancer
6(1) 11(4)
22(14) 22(10)
27(17) 21 (7)
20(10) 22(14)
75(42) 76(35)
Rural
Lung Non-lung
cancer cancer Total
6(2) 7(5) 30(12)
7(5) 8(3) 59(32)
7(5) 9(1) 64(30)
8(6) 8(5) 58(35)
28(18) 32(14) 211 (109)
aNumber of cases, with cases of nonsmokers
indicated in parentheses.
detergent. The bleach solution was previ-
ously filtered through an FG 0.2 pm
Millipore fluoropore filter. After overnight
digestion of the lung tissue at 80°C in an
oven, the digested fluid was centrifuged at
10,000 rpm for 30 min. Five milliliters of
30% H202 was added to the sediment for
complete digestion. Finally, the sediments
were sonicated for 1 min and resuspended
in ion-exchanged water that had been
passed through a UF 0.2 pm Millipore
membrane filter.
Preparations for PCM observations.
The resuspended fluid, 25 or 50 ml, was fil-
tered with a UF 5 pm Millipore membrane
filter. The dried filter was mounted on a
glass slide and exposed to acetone vapor in a
petri dish for 5 min to make the filter trans-
parent. A cover slip was mounted with a
drop of triacetin solution. FBs and UFs
were counted using a Nikon OPTIPHOT
with a phase-contrast device Ph at 400x
over the entire filter area. Very straight,
thin, and semi-translucent fibers with an
aspect ratio greater than 3:1 that showed a
distinct dark phase contrast in a bright field
were counted as uncoated fibers.
Preparation for ATEM sections. Seven
nonsmoking age-matched cases with
detailed information for residential history
were chosen from each of four groups
including urban or rural lung and non-
lung cancer cases. Lung tissues of these 28
cases were digested as described above, and
5 or 10 ml ofthe digested fluid was filtered
through 0.2 pm pore size Nuclepore poly-
carbonate filter with a filtration area of 1.2
cm2 (ADVANTEC, Tokyo, Japan). The
filter was dried, subjected to carbon coat-
ing, cut into 3 x 3 mm pieces, and mount-
ed on a nickel grid. The polycarbonate fil-
ter was dissolved by exposure to chloro-
form vapor.
All UFs or FBs of aspect ratio greater
than 3:1 were counted in all the grid open-
ings under 3,OOOx magnification, and 5 to
10 grid openings in the same grid were ran-
domly selected and examined at 20,OOOx
magnification to examine shorter uncoated
fibers. Length and width were estimated
and UF and FB core fibers were identified
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Figure 1. Frequency distribution of ferruginous bodies (FBs) and uncoated fibers (Us) for all subjects as
determined by phase-contrast microscopy.
under an electron microscope UEOLJEM-
1200EX) with an energy dispersive X-ray
(EDX) microanalyzer (KEVEX-7000).
Electron diffraction was also performed to
identify fiber types that had similar EDX
patterns (16). Fiber contamination from
reagents or laboratory air during PCM and
ATEM sample preparation was assessed by
the same procedure without lung tissue and
revealed no contaminated fibers. Several
sets ofMillipore and Nuclepore filters were
also examined to detect asbestos fiber cont-
amination.
The numbers ofFBs + UFs were calcu-
lated according to the following formulas
and expressed per gram dry lung weight
(DLW).
For PCM counts,
n= Fx (VI V') x IIW
where F = number of FBs and UFs count-
ed, V= total volume ofdigested tissue solu-
tion (ml), V'= volume of used tissue
digested solution for filtration (ml), and W
= dry digested lungweight (g).
ForATEM counts,
n=Fx (VI V')x (1/ W)x (1.2*/(Hx 10A4)
where F= number ofFBs and UFs counted,
V= total volume ofdigested tissue solution
(ml), V' = volume ofdigested tissue solution
used for filtration (ml), W= dry digested
lung weight (g), H = number of observed
grid openings, an asterisk indicates the
available area of membrane filter for filtra-
tion (cm2), and two asterisks indicate the
area ofa grid opening (cm2).
Statistical analysis. Calculated average
numbers ofUFs and FBs ofeach group in
PCM examination were compared by
Student's t-test.
Results
PCManalysis. FBs and UFs were found in
123 (58.3%) and 186 (88.2%) of the total
211 cases, respectively, and in 93% of all
cases, either FBs or UFs were found. FB and
UF frequency distribution is shown in
Figure 1. About 98% of the cases had less
than 500 FBs, 78% less than 50 UFs/g of
dry lung tissue, but a higher number of
fibers, up to over 5,000 UFs, was found in a
small number of cases even though no
asbestos workers were included in this series.
FB + UF counts in each age group are
shown in Figure 2. Mean FB + UF count
increases with age, with the highest count
shown in the 60s but a slightly lower count
in the 70s, indicating peak accumulation of
uncoated fibers in the 60swith agradual dis-
appearance and/orless inhalation in laterlife.
Average FB + UF counts in lung cancer
and non-lung cancer cases are shown in
Figure 3A. A significantly higher FB + UF
count was found in urban lung cancer cases
in comparison with urban non-lung cancer
cases (1380.5 vs. 550.3 FBs + UFs/g DLW,
respectively, p = 0.001), whereas no differ-
ence was seen between rural lung cancer and
rural non-lung cancer cases (151.4 vs. 125.6
FBs + UFs/g DLW, respectively, p>0.5). To
exclude effects of smoking, subjects were
limited to nonsmoking cases. A significantly
larger number of FBs + UFs was again
demonstrated in the urban lung cancer
cases, whereas no significant difference was
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Figure 2. Phase-contrast microscopy count com-
parison of average number of ferruginous bodies
(FBs) and uncoated fibers (UFs) among ages for
all subjects. DLW, dry lung weight.
found among the other three groups. An
average number of FBs + UFs showed
1525.8, 599.2, 184.8, and 233.2/g DLW
for nonsmokers in urban lung cancer, urban
non-lung cancer, rural lung cancer, and
rural non-lung cancer cases, respectively.
Urban groups ofboth lung cancer and non-
lung cancer cases showed higher counts than
rural groups.
ATEManalysis. Electron microscopical
observations with an energy dispersive X-
ray microanalyzer allowed identification of
the observed fibers. At first, we examined
the presence offibrous materials in unused
Nuclepore filters, which has been reported
by Rodgers (171. We found that there were
numerous short chrysotile fibers in the fil-
ter; however, most of them were shorter
than 0.1 pm in length (data not shown)
and undetectable in PCM observation.
The identified fibers included actinolite/
tremolite, amosite/crocidolite, chlorite,
chrysotile, fibrous talc, iron, mica, silica, and
wollastonite. Average counts for some fiber
types are shown in Figure 4A for all lengths,
and in Figure 4B for fibers longer than 5 pm.
Total average counts of the all length fibers
(Fig. 4A) showed greater counts in actino-
lite/tremolite, mica, and chrysotile than other
types offibers; however, no definite tendency
offiber counts among urban, rural, lung can-
cer, and non-lung cancer cases, as seen in
PCM observation, was found.
Figure 4B illustrates a comparison of
fiber counts where lengths were 5 pm or
longer. For actinolite/tremolite counts, the
urban lung cancer group showed higher
counts than the urban non-lung cancer
group, but the rural non-lung cancer group
had the highest counts. Chrysotile counts for
the rural non-lung cancer group were much
greater than for the other three groups. On
the other hand, profiles for amosite/crocido-
lite and fibrous talc counts were very similar,
whereas the fibrous talc counts were much
higher than those ofthe amosite/crocidolite.
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Figure 3. Phase-contrast microscopy count com-
parison of average ferruginous bodies (FBs) and
uncoated fibers (UFs) for lung cancer (LC) and
non-lung cancer (NonLC) cases in urban and rural
areas for (A) all subjects and (B) nonsmokers.
DLW, dry lung weight; NS, not significant.
With respect to these two fiber types, urban
lung cancer groups showed the highest
counts and the pattern of the profiles was
similar to thatofPCM analysis (Fig. 3B).
Length and diameter distributions of
asbestos fibers, including actinolite/tremo-
lite, amosite/crocidolite, chrysotile, mica,
and fibrous talc are shown in Figure 5 as
three-dimensional diagrams. Most of the
chrysotile fibers were shown to have shorter
lengths and thinner diameters than other
types of fibers; only 15.8% of chrysotile
fibers were longer than 5 pm in length,
whereas amosite/crocidolite fibers ofcompa-
rable length were found in 63.5%, actino-
lite/tremolite in 82.3%, and fibrous talc in
75.6%, respectively. Furthermore, the per-
centages ofactinolite/tremolite, amosite/cro-
cidolite, and fibrous talc fibers longer than
10 pm were 26.4, 30.2, and 23.8%, respec-
tively, whereas those ofchrysotile and mica
were 5.7 and 3.5%, respectively. On the
other hand, chrysotile fibers thinner than
0.5 pm in diameter were seen in 99.4%,
whereas amosite/crocidolite fibers with such
diameters were seen in 72.9%, actino-
lite/tremolite fibers in 40.3%, and fibrous
talc in 23.3%, respectively. Mean fiber
lengths and diameters are shown inTable 2.
Discussion
The present study quantitatively examined
FBs and UFs in digested lung tissues by
means of the phase-contrast microscope.
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Figure 4. Analytical transmission electron micro-
scope examination count results of (A) fibers of
all lengths and (B) fibers longer than 5 pm.
Abbreviations: LC, lung cancer; NonLC, non-lung
cancer; DLW, dry lung weight. For each lung can-
cer and non-lung cancer group from both urban
and rural areas, n= 7 nonsmoking cases.
ATEM examinations were performed both
to detect fibers that cannot be observed by
PCM analysis and to identify and measure
fiber length and width. This PCM study
revealed a significandy larger UF + FB count
in the lungs ofurban lung cancer cases com-
pared to those of urban non-lung cancer
cases. This result differs from other studies
revealing no correlation between phase-con-
trast positive ferruginous bodies and lung
cancer incidence. Because this discrepancy
may partly be related to sex and histological
lung cancer types, we compiled only female
lungcancercases, most ofwhichwere adeno-
carcinomas, for this study. Females generally
have less occupational exposure to asbestos
and a lower smoking rate than males and
thus are more appropriate subjects for the
study ofenvironmental factors. Smoking has
been believed to be another important path-
ogenic factor forlungcancer, especiallywhen
coexposed with asbestos; even when subjects
were limited to nonsmokers, almost identical
counts wereobtained (Fig. 3B).
Electron microscopic observations are
superior for detecting short or thin fibers
that cannot be detected by PCM analysis or
EDX identification ofthese uncoated fibers.
Of all chrysotile fibers detected in this
ATEM study, 84% ofthe fibers were shorter
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Figure 5. Three-dimensional bar graph based on
fiber length and width measured by analytical
transmission electron microscopy. (A)
actinolite/tremolite; (B) amosite/crocidolite; (C)
chrysotile; (D) mica; and (E) fibrous talc.
than 5 pm and 99% were thinner than 0.5
pm. This finding was consistent with the
report ofChurg et al. (6), which demonstrat-
ed that 90% ofall chrysotile fibers were less
than 5 pm long. In animal experiments, it
was recognized that chrysotile fibers in the
lung tissue may be cleaved and fragmented
more rapidly than amphibole fibers due to
higher fragility and leaching of magnesium
from chrysotile fibers. Similar changes may
occur in human lung tissue (18). These
shorter and/or thinner fibers cannot be
detected by the 0.5 pm resolving power of
PCM. However, because PCM examination
can estimate larger amounts ofdigested lung
tissue, it provides less sampling bias and less
variability in counting fibers thanATEM.
In the present electron microscopic
study, chrysotile counts were greater than
for other types of fiber as a whole. Total
chrysotile counts amounted to two times
those ofactinolite/tremolite and four times
of amosite/crocidolite (Fig. 4A). However,
comparison including all fiber lengths
shows greater chrysotile counts in non-lung
cancer groups in both urban and rural areas
in comparison to lung cancer groups.
Furthermore, for fibers longer than 5 pm,
average counts of chrysotile and
actinolite/tremolite fibers in rural non-lung
cancer cases had the highest value of all
groups (Fig. 4B). Therefore, since counts of
these two types of fibers are in inverse pro-
portion to counts using PCM analysis, it is
difficult to relate these fiber burdens with
lung cancer incidence. On the contrary,
both amosite/crocidolite and fibrous talc
showed the highest counts in the urban
lung cancer group, and the results correlated
very well to those ofPCM analyses, particu-
larly when limited to nonsmokers. Fiber
length seems to be required for carcinogen-
esis, and the findings that the fibers longer
than 10 pm were found in a relatively
greater percentage in actinolite/tremolite,
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amosite/crocidolite, and talc (but not in
chrysotile) may support this view. We did
not expect to find significant amounts of
fibrous talc deposited in the lung tissue.
Also, the average fiber counts ofurban lung
cancer cases was definitely greater than non-
lung cancer and rural cases. It should be
noted that all the examined subjects in this
study were female.
Talc is one ofthe silicates and is manu-
factured for various uses in modern society,
especially in cosmetics (face powder). Some
epidemiological studies on talc industry
workers have demonstrated a high incidence
of lung cancer among the workers; other
studies have not. Recent animal talc inhala-
tion studies have revealed a significant
occurrence of lung tumors in female rats,
whereas no tumorigenicity was shown in
mice (19). However, some authors have
argued that the tumorigenicity in these stud-
ies was due only to an unusual overload of
talc powder in the animals, and the actual
effect offibrous talc on human lung carcino-
genesis still remains to be explained (20).
We have concluded that in this PCM
analysis, urban counts were significantly
greater than rural ones (particularly the
urban lung cancer group, which had the
highest counts) and in ATEM analysis, vari-
ous types offibers were detected in the lungs
under nonoccupational exposure conditions.
Although chrysotile fibers were the most fre-
quently detected because their lengths and
widths were shorter and thinner than the
resolving power of PCM, counted fibers in
the PCM examination may be amphibole
i>20
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Table 2. Average thickness and length of fibers
(pm)a
Type offiber Thickness Length
Actinolite/tremolite 0.75 ± 0.57 8.48 ± 7.63
Amosite/crocidolite 0.47 ± 0.64 8.31 ± 10.1
Chrysotile 0.06 ± 0.09 2.73 ± 4.63
Talc 1.11 ± 0.80 7.32± 4.97
Others 0.48 ± 0.74 3.11 ± 3.76
aExpressed as mean ± standard deviation.
(especially amosite/crocidolite) and fibrous
talc that may have been inhaled with partic-
ulate powder. The reason large amounts of
fibrous talc were detected in this study may
be because subjects of the study were
restricted to female cases. Although there is a
possibility that talc powder may be contami-
nated from surgical gloves during an opera-
tion or autopsy, a higher count of talc was
noted in only the urban lung cancer group.
Fibrous talc may persist longer in the bron-
chiolo-alveolar area than particulate talc by
resisting the mucociliary clearance system of
the lung. We also concluded that although
some fibrous materials (including chrysotile
and actinolite/tremolite) may be inhaled in
large amounts, these fibrous materials may
not affect lung carcinogenesis, particularly in
rural areas. In addition, some of the fibers
may be partly derived from soil. All types of
fibrous materials are not always linked to
lung cancer incidence.
Finally, it remains to be clarified
whether asbestos and fibrous talc in an
urban environment could promote lung
cancer by themselves at ordinary nonoccu-
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pational exposure levels or whether these
fibrous materials foster lung cancer inci-
dence with carcinogenic pollutants com-
mon in urban areas. Further studies are still
required to establish the role offibrous talc
other than asbestos fibers in female lung
cancer incidence.
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